Background. Food-based approaches have been advocated as the best strategies to curb hunger and malnutrition in developing countries. The use of low-cost, locally available, nutritious foods in the development of supplementary foods has been recommended.
Introduction
Food insecurity, chronic hunger, starvation, and malnutrition continue to plague millions of people throughout the developing world, especially in sub-Saharan Africa [1] . Malnutrition and undernutrition are the major causes of morbidity and mortality among vulnerable groups in most developing countries [2] . In Kenya, malnutrition is exacerbated by recurrent drought conditions and emergency situations that may result from adverse environmental factors such as floods or political conflict. High fertility rates, increased poverty levels, and inadequate household food production are also key contributing factors [3] . In addition, limited availability and accessibility and inadequate intake of a variety of cereals, legumes, and vegetables at the household level and lack of nutritional knowledge contribute to poor diet quality [4] . Formulation of supplementary foods using available and affordable staple food commodities is a possible approach that has been recommended to reduce malnutrition [5] . State-sponsored nutrition intervention programs have therefore been designed to supply low-cost supplementary foods to minimize the adversities of malnutrition in vulnerable communities [6] .
In Kenya, the infant and under-five mortality rates are 77 and 115 per 1,000 live births, respectively. Nearly 30% of children under 5 years of age suffer from chronic malnutrition (stunting), almost 6% are severely malnourished (wasted), and 20% are underweight [3] . In the Arid and Semi-Arid Areas (ASAL), where food insecurity and natural disasters have affected the population, the rates of acute malnutrition among children under five are between 15% and 20% and are sometimes substantially higher [7] . This situation has been exacerbated by the rising HIV/AIDS scourge that has led to increased numbers of orphaned children who are at high risk for malnutrition. Nutritional deficiencies contribute to high rates of chronic diseases and death among vulnerable groups in Kenya. In this connection, indigenous foods, such as cereals (sorghum, millet, and amaranth grain), legumes and pulses (peas and field beans), oil seeds (groundnuts, sunflower seeds, and pumpkin seeds), and vegetables, are playing an increasing role in alleviating nutritional insecurity among low-income and vulnerable groups [8] . In Kenya, several indigenous foods were neglected with the advent of colonization and the introduction of exotic crops, but recently remarkable efforts have been made to reintroduce these nutritious foods to the diets of most communities. Subsequently, the consumption of these food ingredients would help to alleviate hunger and malnutrition in the country.
The joint recommendations from the World Health Organization (WHO) and the Food and Agriculture Organization (FAO) on diet, nutrition, and prevention of chronic diseases suggest the promotion of dietary diversity based on locally available, nutrient-rich foods as a vital strategy against food insecurity, malnutrition, and disease [9, 10] . In the face of persistent food emergencies and the scale of global hunger, addressing nutrient deficiencies remains an immediate priority [11] . Simultaneous food deficits and low dietary diversity of both animal and plant foods result in inadequate intakes of nutrients among vulnerable groups. The current low cost of staples relative to nonstaple foods means that diets can be adequate in energy but deficient in micronutrients [12] . Diversification of diet with locally available traditional whole grains, legumes, and vegetables through optimization of nutrients in the formulation of supplementary foods improves diet quality. Therefore, foods based on local processed cereals and legumes provide models of nutritionally rational products for use in supplementation and other public health measures [2, 13] .
According to WHO [9] , WHO/UNICEF [14] , and Mosha et al. [15] , formulation of low-cost, fortified supplementary foods from locally available ingredients, using appropriate small-to medium-scale production technologies in community settings, can help meet the nutritional needs of vulnerable populations of low-socioeconomic groups. Consequently, there is an urgent need to develop low-cost nutritious supplements through combinations of less expensive foods available in the localities or communities [1, 16] . Therefore, the main objective of this study was to develop a supplementary food from Kenyan traditional and commonly consumed local food ingredients, making use of their "nutrient strength" to provide a nutrient-enriched end product with little or no fortification. The supplement was developed within a cultural context and utilized local food preparation and processing methods to formulate a product with acceptable sensory characteristics for vulnerable groups in Kenya.
Materials and methods

Food ingredients
The local food ingredients selected for the formulations were identified through a baseline survey of commonly consumed foods that are locally available, low in cost, and culturally acceptable among vulnerable groups in Kenya. These foods include finger millet (Eleusine coracana L. Gaertn. P-224), amaranth grain (Amaranthus cruentus L.), pigeon pea (Cajanus cajan L. Millsp. Kat/Mbaazi 3), field bean (Dolichos pupureum L. Kat/DL-3), and groundnut (Arachis hypogea L.). The vegetables include pumpkin (Cucurbita maxima L.), sweet potato (Ipomoea batatas L. Lamk. SPK 004), and leafy vegetables such as amaranth leaves (Amaranthus hybridus L.) and pumpkin leaves (Cucurbita maxima Lam.). Small dried fish (Rastrineobola argentea) were also included. These food ingredients (1 kg each) were mainly purchased from local open-air markets and supermarkets in Nairobi.
Chemicals
All the chemicals were of analytical grade and were purchased from either Sigma Chemical Co. (St. Louis, Mo., USA) or Aldrich (Milwaukee, Wis., USA) through local chemical stores.
Processing of the ingredients
The grains (cereals and legumes) were sorted to remove extraneous matter, washed with tap water, and then soaked in distilled water (1 kg of grain per 2 L) for 8 hours in the dark at 25 ± 1°C. They were drained and cooked at 90° to 95°C for 120 minutes in fresh distilled water at a grain-to-water ratio of 1:4. The groundnuts were roasted in an open-pan iron container to a golden brown color for 30 minutes with the use of a traditional charcoal burner at 150°C, with continuous stirring to avoid burning of the seed coat. After being roasted to a characteristic roast flavor, they were cooled to room temperature.
The fresh vegetables were cut into approximately 1-cm pieces, then washed under running tap water and blanched in boiling water for 5 minutes. They were then dried in an air oven at 60°C for 6 hours and milled into fine powder to pass through a 0.1-mm sieve using a hammer mill (DFH48, No. 282521/UPM 6000; Glen Creston Ltd, London).
The small dried fish (Rastrineobola argentea) were sorted in tap water for 1 hour to remove sand, dirt, and other extraneous matter and soaked in a solution containing 0.5% NaHCO 3 and 1% NaCl for 30 minutes each. The soak liquor was decanted and the soakdecant process was repeated again. The fish sample was then rinsed three times with distilled water, dried at 60°C in an air oven for 6 hours, and milled into a fine powder to pass through a 0.1-mm sieve using a hammer mill (DFH48, No. 282521/UPM 6000; Glen Creston Ltd, London). The soaking of the fish was intended to reduce the levels of the water-soluble nitrogenous compounds (trimethylamine oxide and trimethylamine), and fish oil that cause the characteristic fishy and rancid odors.
Formulation of supplement products
Four different supplementary products were formulated using selected local food combinations and optimized in terms of their nutritional contents. The concept of food multimixes and four food square systems were used to select the staple food ingredients to include in the formulation. A number of permutations and combinations of low-cost, locally grown, commonly consumed food ingredients were theoretically calculated to satisfy specific macronutrient and micronutrient contributions to the Recommended Dietary Allowances (RDAs) of the vulnerable groups. Brown sugar was added to the formulations to increase the energy content. The ratio of blending of different local cereals, legumes, and vegetables was 4:1:1:1:4. The ingredients, cost, and processing methods for the different food supplements are given in table 1.
Sensory evaluation
The four formulations were subjected to sensory testing to identify the most preferred supplement. The four supplements were assessed for acceptability with the use of taste panel procedures [17] . Sensory attributes of the supplements were evaluated according to a five-point hedonic rating scale ranging from 1 (dislike extremely) to 5 (like extremely). The evaluators were 15 trained panelists who were staff members of the Department of Food Science, Nutrition and Technology in the University of Nairobi. They were asked to assess the products for six sensory attributes: color, appearance, flavor, texture, taste, and overall acceptability. For presentation to the panelists, the products were prepared as porridges by the following method. Ten grams of the supplement flour was mixed with 40 mL of water to form a slurry (flour-to-water ratio, 1:4), which was then heated slowly to boiling temperature with constant stirring to form a smooth porridge. The heat was then reduced and the porridge was left to simmer at 50°C for 7 to 10 minutes, since the ingredients had been precooked then cooled to room temperature under running tap water. The porridges were served in polypropylene cups that had been coded with symbols. The sensory evaluation data were calculated as the means of the panelists' scores for each attribute and were used to select the most acceptable supplement. The selected supplement product (prepared from amaranth grain, pigeon pea, sweet potato, and groundnuts) was then evaluated for nutrient composition, shelf-life, and cost analysis.
Analytical methods
All the analyses were performed in triplicate. The moisture, protein, fat, and total ash contents of the selected superior product were analyzed by standard AOAC methods [18] . Energy content was calculated by multiplying the fat, carbohydrate, and protein contents by the Atwater's conversion factors. The sample flours were digested with concentrated nitric acid, sulfuric acid, and perchloric acid (10:0.5:2, vol/vol) for the analysis of mineral constituents (calcium, iron, magnesium, sodium, and zinc) by inductively coupled argon plasma atomic emission spectroscopy (ICP-AES, Jarrel-Ash). Vitamin B 1 , vitamin B 2 , niacin, vitamin B 6 , and folic acid were analyzed by microbiologic AOAC methods [18] . The amino acid profiles of the supplement were determined according to standard methods of the Official Journal of the European Union (2009) using an automated amino acid analyzer (Eppendorf-Biotronic LC 3000, Laborservice Onken, Germany). The quantification of fatty acids in the food samples was carried out by following the method of Thurnhofer and others [19] . Sample extraction was carried in 22-mL extraction cells filled with Isolute-HM-N using an ASE 200 system (Dionex, Idstein, Germany). The fatty acid methyl esters (FAME) were analyzed by gas chromatography in combination with electron ionization mass spectrometry (GC-EI/MS) with the use of a 5890 series II gas chromatograph and a 5971 mass selective detector, MS Data analysis version C.00.07 HP 1989-1992, from Hewlett Packard, Waldbronn, Germany. For gas chromatographic analysis, helium gas (99.999% purity) was used as a carrier at a flow rate of 1 mL/min. A fused silica capillary column (100% cyanopropylpolysiloxane, 50 m × 0.25 mm i.d. × 0.20 µm film thickness, CP-Sil 88 from Chrompack, Middelburg, Netherlands) was installed in the gas chromatographic oven. A 1-µL aliquot was injected at a temperature of 250°C and analyzed for 38.81 minutes. Under selected ion monitoring (SIM) mode, nine fragment ions were detected, and six of them were identified during the whole run at (1) m/z 74 and (2) m/z 87 for methyl esters of saturated and monosaturated fatty acids, (3) m/z 81 and (4) m/z 79 for methyl esters of polyunsaturated fatty acids, and (5) m/z 88 and (6) m/z 101 for ethyl esters of saturated and monosaturated fatty acids. The GC experiment was replicated thrice and results were expressed in GC area % as percent mean fatty acid content.
Shelf-life evaluation
The shelf-life of the selected supplement product was assessed by storage in three packages (polythene bags, kraft paper, and gunny bags) under three ambient temperature regimes (26°C, 30°C, and 35°C) to simulate the temperature ranges of different regions of Kenya. Each package contained 500 g of product and was stored for 4 consecutive months. The samples were analyzed prestorage and monitored at the end of every month of storage for moisture, peroxide value, fat acidity, and reduced ascorbic acid contents by AOAC methods [18] . Odor testing was carried out on each packaged product every month using the modified method of Amonsou and others [20] .
Product selling price
The cost analysis of the developed supplement is shown in table 7. The selling price was estimated using a margin marker of 20% in the cost analysis. Farm gate prices of the food ingredients, as well as prevailing costs of labor, rentals for the processing premises, and utilities, were incorporated in the calculation. A margin marker of 20% of the production cost was added to allow for the profit margin of the producer and vendor.
Statistical analyses
All the analyses were performed in triplicate (n = 3) except for sensory analysis (n = 15), and the data are presented as means and standard deviations. Two-way ANOVA was applied with the Bonferroni post hoc test to determine the significant differences (p < .05) between the experimental batches. The significance of the interaction and column factors was used in the analysis to check the total variance and interpret the row and column effects. GraphPad PRISM version IV software (San Diego, Calif., USA) was used for statistical analysis.
Results
Supplement formulation
The cost of the ingredients and processing methods for the four supplements formulated in the preliminary study are presented in table 1. These supplements were subjected to sensory evaluation to identify the most acceptable supplement in terms of color, texture, appearance, taste, aroma, and overall acceptability. On a five-point hedonic scale, the acceptable level is ≥ 3.0. The results showed that there were statistically significant differences between the four supplements in terms of color, appearance, and texture (table 2). Supplement I was not acceptable in color and appearance, and supplement II was not acceptable in color.
Supplements III and IV scored significantly higher values for color and appearance than supplements I and II. The difference was attributed to the greenish color of the pumpkin and amaranth leaves. Supplement IV had significantly lower scores than all others in taste and aroma, which was attributed to the apparent repulsive odor still perceived in the processed fish flour used in the supplement formulation. In addition, supplement IV had a significantly lower overall acceptability. All the panelists indicated that supplement IV had a repulsive and fishy odor that was undesirable in porridge. Supplement III had the highest score for overall acceptance and the highest mean of all the sensory-evaluation scores and thus was judged to be the most acceptable supplement. Further analyses and evaluation were therefore carried out only on this supplement.
Nutritional composition
The nutritional composition of the superior supplementary food is presented in table 3. The Recommended Nutrient Intakes (RNIs) of the 2004 joint FAO/ WHO Expert Consultation [21] were used to calculate the percentages of nutritional requirements provided by the supplement for the vulnerable group of children 12 to 23 months of age. The results show that consumption of 110 g of the supplement could provide more than 100% of the nutritional requirements for protein, vitamin B 1 , magnesium, vitamin C, niacin, and iron and more than 50% of the requirements for fat, folic acid, and zinc. However, the supplement provided less than 50% of the requirements for energy, retinol equivalent, and calcium.
The essential amino acids and fatty acid contents of the superior supplementary food are shown in table 4. The total essential amino acid content was 21%, and the fatty acid content was 96.7%. The levels of the essential amino acids isoleucine (1.98%), leucine (3.85%), lysine (2.03%), tyrosine (1.8%), phenylalanine (3.6%), threonine (2.04%), valine (3.38%), cysteine (0.89%), methionine (0.8%), and tryptophan (0.63%) were comparable to the FAO/WHO reference pattern for human milk in Africa [22] . The fatty acid levels in the superior supplementary food are presented in table 4. Among the unsaturated fatty acids detected, linoleic acid was the most abundant (39.85%), followed by oleic acid (25.73%). Palmitic acid was the most abundant saturated fatty acid (22.40%), followed by stearic acid (4.50%) and α-linolenic acid (4.23%).
Shelf-life evaluation
The superior supplementary food, which is formulated as a flour, is subject to spoilage from chemical reactions such as fat oxidation, especially in the presence of air and mineral prooxidants such as iron, because of its large amount of exposed surface area. It is also subject to caking due to hygroscopicity and to microbial damage when suitable conditions with regard to water activity and temperature are present [23] . Table 5 shows the mean reduced ascorbic acid and moisture contents of the supplement stored in kraft paper, polythene, and gunny bags at different temperatures (26°C, 30°C, and 35°C) for 4 months. The prestorage content of reduced ascorbic acid in the fresh supplement was 310.3 mg/100 g. The supplement stored in all three packages showed significant reductions in reduced ascorbic acid content at all temperatures from the second month of storage, with a loss of 73% to 81% in the fourth month. However, no significant differences were observed between different packing and temperature conditions. The effects of storage on the moisture content of the supplement in different packages at 26°C, 30°C, and 35°C are shown in table 5. The prestorage moisture content of the supplement was 6.09%. There were no significant changes in the moisture content of the supplements stored in kraft paper and gunny bags at all temperatures, but significant increases in moisture content were observed in the supplements stored in gunny bags at 4 months. The supplement stored in polythene bags showed no significant changes in moisture content at 30°C but exhibited a significant loss at 35°C and a significant increase at 26 °C after 4 months.
The mean fat acidity of the supplement stored in kraft paper, polythene, and gunny bags at 26°C, 30°C, and 35°C for 4 months is shown in table 6. The prestorage fat acidity of the fresh sample was 19.00 mg of KOH/100 g. The results showed that the supplement stored in kraft paper and polythene bags showed significant increases (p < .05) in fat acidity content from baseline to the fourth month at all temperatures. The supplement stored in gunny bags showed significant increases in fat acidity from the third month at 26°C, but these changes were only observed in the second and first months of storage at 30°C and 35°C, respectively. The peroxide value of all the supplements stored in all packagings at all temperatures was nil. The primary intermediate products of lipid oxidation are generally peroxides, and therefore we analyzed the concentration of peroxide in the supplement samples as a measure of the extent of oxidation and off-flavor or rancidity. The type of packaging material and period of storage showed no changes in the peroxide value as analysed of the stored supplement (data not shown). The absence of peroxides in the samples is also consistent with the lack of increase in the moisture content. An odor test was performed on all the stored samples in comparison to fresh samples. All the supplements stored in all types of packages had non-significant changes in odor up to 4 months of storage. Thus, it was concluded that the supplements can be stored in all three types of packages at the three temperatures for up to 4 months without significant changes in odor characteristics.
Cost analysis
The cost analysis of the superior supplementary food is shown in table 7. The production cost was KES 60.10/kg. A margin markup of 20% was incorporated to calculate the selling price of the supplement by the retail vendor, which was estimated to be KES 65.50/kg. The estimated selling price for the supplement is lower than most of the prevailing prices for supplementary foods sold in Kenya (KES 54.00 to 190.00/kg). Unlike similar products found in the market, the supplement is precooked, which results in additional savings.
Discussion
The results of the present study demonstrated that the nutritive values of individual components of the diet can be effectively combined to improve nutritional quality without necessarily fortifying the products or supplementing them with synthetic nutrients. Similarly, local foods have been used to successfully formulate supplementary foods in many developing countries of Africa, including Nigeria [1, 2, 16, 24] . A nutritionally enhanced and affordable food formulated from local ingredients for identified inadequacies in nutrient intakes would help to alleviate nutrient deficits of low-income households [8] . The methods employed in the production of the supplements are simple and applicable at the village level, and the ingredients used are low in cost, locally available, and acceptable in taste. The possibility of production of such acceptable supplementary food would present a business opportunity for establishment of small-scale and cottage industries to generate income by entrepreneurs.
Supplement III had a significantly higher mean score (p < .001) in all the sensory attributes (color, appearance, taste, aroma, and texture) when compared with the other three supplements. Although supplement I was significantly higher in overall acceptability (p < .005), it scored significantly lower in color and appearance, which are vital for the general acceptability of a product to consumers. These low scores were due to the inclusion of pumpkin leaves in the formulation as a source of vitamins and minerals. The leaves imparted a green color to the porridge sample prepared from this formulation, making it unacceptable to most of the sensory panelists. Therefore, supplement III was rated the best supplementary food in this study for use by vulnerable groups in Kenya. This acceptable supplementary food was made from amaranth grain, pigeon pea, sweet potato, groundnuts, and brown sugar. Amaranth produces significant amounts of edible grain and is described as "the grain of the 21st century. " It is a good source of minerals and vitamins with a protein content of up to 16%, which is of higher nutritional quality than that of cereals and some legumes [25] . Sweet potato tubers are prepared in different forms and consumed in Kenya. The tubers are rich in starch, sugars, and minerals, and some varieties contain colored pigments such as anthocyanins and β-carotene that are regarded as antioxidants with several physiological attributes, including antiimmunodilation and protection against cataract, aging, muscular degeneration, and liver injury [26] . In addition, they provide β-carotene, which serves as a vitamin A precursor. Recently, sweet potato has been labeled as an "antidiabetic" food because some animal studies have showed that it can help stabilize blood sugar levels and lower insulin resistance [26] . Pigeon pea is a valuable source of proteins, minerals, and vitamins and occupies a central place in human nutrition in many developing countries [23] . Pigeon pea is an economically and nutritionally important legume as a major and cost-effective source of vegetable proteins in poor communities of many tropical and subtropical regions of the world [27] . Pigeon pea protein is a rich source of lysine but is limited in the sulfur-containing amino acids methionine and cysteine. Although it is low in some essential amino acids, pigeon pea could be a good protein source to offset the amino acid deficiencies of cereal proteins [28] . The superior supplement contained 453.2 kcal energy, 12.7 g crude protein, 54.3 g soluble carbohydrates, 20.8 g crude fat, and 10.1 g crude fiber per 110 g. Complementary foods developed from maize, soybeans, and crayfish in Nigeria have comparable levels of protein (14.16% to 17.66%), fat (18.6% to 12.6%), ash (2.98% to 4.02%), and fiber (2% to 2.5%) to the supplement in the present study [16, 24] . A supplementary food developed from a blend of rice, field pea, guar gum, locust bean gum, and fenugreek gum in New Zealand contained higher levels of protein (20.6%) than the supplement of the present study but comparable levels of fat (1.97 g/100 g/100 g) and total ash (2.19 g/100 g/100 g [30] . The superior supplement had 93.0 mg calcium, 172.4 mg magnesium, 2.7 mg zinc, 5.7 mg iron, 0.8 mg vitamin B 1 , 0.2 mg vitamin B 2 , 7.9 mg of niacin, 100 µg folic acid, and 140 µg retinol equivalent per 100 g. The mineral contents of the developed supplementary food were higher than the contents of calcium (0.13 mg/100 g), magnesium (0.14 mg/100 g), iron (0.01 mg/100 g), and zinc (0.004 mg/100 g) reported for a legumeand cereal-based complementary food blend used in Nigeria [5] . Similarly, the calcium (93 mg/100 g) and iron (5.66 mg/100 g) contents of the presently developed supplementary food were higher than the levels (32 to 82 mg/100 g and 2.7 to 3.7 mg/100 g, respectively) reported for a cowpea-maize-sweet potato complementary food developed in Nigeria [16] .
The supplement also contained 21% total essential amino acids in addition to appreciable levels of palmitic, stearic, oleic, linoleic, and α-linolenic fatty acids. Amino acid levels similar to those observed in the supplement formulated in the current study (17.2% glutamic acid, 10.8% aspartic acid, 8.90% leucine, 7.09% arginine, 1.43% cysteine, and 1.15% methionine) were reported in a legume-and cereal-based complementary food blend used in Nigeria [5] . The addition of high-protein legumes to cereal-based supplementary foods improves the quality of protein by complementary amino acids [2, 16] . This is in agreement with the results observed in the present study. The percent fatty acid content was well above the recommendations of the FAO/WHO Joint Consultation [30] for fats and oils in human nutrition. Total saturated fat (31.13%) and total unsaturated fat (65.60%), as well as the ratio of unsaturated to saturated fat (2:1), well exceeded the FAO/WHO recommendations of 3.5 total saturated fat, 44.8 to 52.9 total unsaturated fat, and 1.16 to 0.84 ratio of unsaturated to saturated fat respectively [27] . The ratio of linoleic to α-linolenic acid was 10:1, as compared with 5:1 to 10:1 recommended by WHO/FAO [7, 27] . Similar reports have been made on a soybeanbased weaning food studied in Nigeria [5] .
Proper packaging of products is fundamental to prolonging the shelf-life and safety of supplementary foods; the latter is of major concern in consumption of these foods [31] . The packaging should have low permeability to gas and moisture and be strong and durable to withstand the rigors of being loaded and unloaded in emergency situations. The shelf-life studies indicated that the supplement could be stored in kraft paper and gunny bags at 26°C and at 35°C and in polythene bags at 30°C without significant changes in the moisture content. Water plays a crucial role in food quality, and moisture content higher than 14% for such products will affect storage by promoting mold growth, insect infestation, and agglomeration of the food particles [32] . Fat lipolysis likely to occur in the supplement during storage was monitored by determining fat acidity values (mg KOH/100 g). The increases in fat acidity were attributed to possible lipolysis in the supplement due to high storage temperatures. The shelf-life study showed that significant changes in the chemical composition and sensory attributes of the supplement occurred during storage for 4 months at high temperatures in all the packaging materials (polythene bags, kraft paper, and gunny bags). However, storage of the supplement in any of the packaging materials at ambient temperatures (average temperature of 26°C) will not cause any deleterious changes in its composition for 4 months.
This study used low-cost, locally available food ingredients to reduce the production costs and decrease the selling price of the product. Recent studies have shown that about US$ 8 billion is necessary per year to assist 100 million families to protect their children from hunger and malnutrition [33] ; yet, current donor spending on programs to reduce undernutrition is only about US$250 to 300 million annually [34] . Commercially available supplementary foods are usually unaffordable by the vulnerable groups [35] . The results of this study will therefore be useful in helping with local production of affordable, low-cost supplementary foods to spread the available donor funding further among vulnerable groups than the current coverage.
The study faced a number of challenges during the development of the supplements. One of the major challenge was identification of a pilot plant to formulate and develop the supplements in large enough quantities for use as samples in the laboratory analysis as well as in the acceptability studies. In addition, the sensory evaluation panel had to be trained in the sensory attributes to assist in identifying the most acceptable supplement. This involved a lot of time and financial input to achieve the required results. Finally, most of the laboratory analysis, such as amino acid and fatty acid profiles, had to be carried out in Germany due to lack of proper facilities in the host country. However, despite the above challenges, four supplements were successfully developed and the most acceptable supplement identified at the end of the study period. Additionally, due to the use of local, low-cost food ingredients, most of the challenges in the development of the supplementary food were offset.
Conclusions
A supplementary food for vulnerable groups with an adequate nutritional content and acceptable shelf-life was formulated from local food ingredients consisting of amaranth grain, pigeon pea, sweet potato, brown sugar, and groundnuts at a ratio of 4:1:1:1:4. The product conformed to FAO/WHO requirements with respect to protein, energy, and micronutrient contents and could provide between 50% and 100% of the requirements of the essential macronutrients and micronutrients. The supplement had acceptable sensory attributes, and the shelf-life study indicated that it could be stored for up to 4 months in polythene bags, gunny bags, or kraft paper at 26°C without significant changes. The estimated selling price of the supplement was lower than those of similar products currently existing in the market.
